The R−R pair distribution functions of rare-earth metaphosphate glasses R(PO 3 ) 3 with R = La, Nd, Er, Yb are determined from total X-ray and neutron scattering data by the Reverse Monte Carlo method. 
χ is calculated for the initial configuration. Value s has a similar effect as the temperature factor. The RMC code used [9, 15] differs from that of McGreevy & Pusztai [7] in the handling of the coordination constraints. Maximum coordination numbers, ij N , can be defined for the individual sites but the instantaneous ij N 's do not effect the calculation of parameter 2 χ .
Number densities of atoms, 0 ρ , varying from 66 to 68 nm -3 were calculated from mass densities measured for the R(PO 3 ) 3 glasses with R = La, Nd, Y, Yb [9, 12, 14] . For simplicity, the small variations of 0 ρ or R 2 O 3 contents and the small contaminations with crucible material [12] are neglected in the RMC simulations.
Values 0 ρ of 67 nm -3 and R 2 O 3 contents of 25 mole% are used. 3900 atoms, among them 300 R atoms, fill the cubic model boxes with edge lengths of 3.88 nm.
The scattering data used for the different samples do not possess identical quality. Unlike Q -ranges ( max Q of 223 or 280 nm -1 ) were realized in different XRD runs [12] [13] [14] on the BW5 beamline of the synchrotron DORIS III (Hamburg/Germany). Also the Q -ranges of the ND runs on different instruments at ISIS (Chilton/ UK) vary with max Q of 500 nm -1 (LAD; R = La) [9] , 250 nm -1 (SANDALS; Nd) [14] and 280 nm -1 (GEM; Y, Yb) [12] . Accordingly, the upper limits max 3 glass is not used in the RMC runs but it is compared subsequently.
According to the knowledge of experimental results of R(PO 3 ) 3 metaphosphate glasses [9] [10] [11] [12] [13] [14] the glass structure is formed of PO 4 tetrahedra with oxygen atoms on the tetrahedral corners and the P atoms in the centre. Numerous spectroscopic studies as reviewed [16] have shown that these PO 4 Table 2 . These parameters are introduced to suppress unreasonable short-range structures. The ij Lm values are chosen smaller than the known lengths of the short-range order of the same glasses [12] and the related crystal structures [17, 18] . The first-neighbour distances in accept- 
It is assumed that significant correlations do not exist for distances greater than max r ( = r max 1.6 nm is used). 
These functions increase only linearly or are constant in the limit of great distances. If considering the
functions it is remembered that relations between the peak areas are not equivalent to relations between the numbers of atomic neighbours.
Results
The contribution of the ) (Q S RR factor to the total 
in Faber-Ziman notation [19] where > < f is the compositional average of the ) (Q f i atomic scattering amplitudes (polynomial approximation of Waasmaier & Kirfel [20] ions which coordinate different O T sites of a common PO 4 neighbour [5, 13] . This interpretation is not exact:
The number of Yb neighbours at these distances is eight in the Yb(PO 3 ) 3 crystal [18] but only six of these Yb are connected with the central Yb site via the edge of a PO 4 tetrahedron. The distance peak at ~0.85 nm belongs to R sites which are separated by two or more PO 4 units. The numbers of R neighbours and the mean distances belonging to the peaks at ~0.44, ~0.63 and ~0.85 nm are determined and shown in Table 3 . [12] of the glasses studied (Fig. 5) : The peaks at ~0.65 and ~0.85 nm are at similar positions to peaks in the ) (r g RR functions (Fig. 3, Table 3 ). But direct separation of these R−R peaks from the total [5] but the number of the corresponding neighbours is not given [5] . The experimental results for the Tb metaphosphate glass [5] and the RMC work here presented are confirmed by the findings of an MD simulation [23] where also Tb−Tb neighbours are detected at ~0.4 nm in front of a broad peak at ~0.6 nm. The peak at ~0.4 nm is attributable to separations between Tb sites which coordinate a common O T neighbour. Unfortunately, the MD work [23] does not report any Tb−Tb coordination numbers and information on the third Tb−Tb peak is missing.
Sequences of peak positions are useful to differentiate if rare-earth sites are arranged at random or if they possess a special order. From the length ratio 3 of the first two Ca−Ca distances of ~0.38 and ~0.65 nm Gaskell et al. [24] concluded a crystal-like order of the Ca sites in Ca metasilicate glass. Since the R−R peak at ~0.4 nm is a small effect which is nearly negligible for the Yb(PO 3 ) 3 glass the peaks following this distance have to be considered in comparisons of different MRO models. In earlier work [9, 12] , we used a simple approach for the R site distributions in rare-earth metaphosphate glasses: R-centred spheres were assumed to be arranged in the sense of a close-packed random order. Blétry [25] packing model. Here it is found that the first peaks in the ) (Q S RR factors possess constant positions independent of the R species and it is suggested that the shift of the shoulder at ~12 nm -1 in front of the main maximum in the ) ( X Q S factors results from changes of the weighting factors.
The ) ( YbYb r g data from RMC are compared with those calculated from the crystal structure of Yb(PO 3 ) 3 [18] (Fig. 6a) . The distribution of the particular Yb−Yb distances of the crystal structure is convoluted with a Gaussian function whose width is adjusted to yield a good fit of the peak at 0.61 nm. Actually, both peaks at 0.61 and 0.83 nm possess similar shape and position for the structures of the glass (RMC result) and the related crystal [18] . Clear differences exist for distances >1.0 nm where the Yb−Yb correlations of the glass are smeared out. It is difficult to identify the reason for the special MRO of the Yb sites in the glass which is similar to that of the monoclinic crystal [18] . The arrangement of Yb sites of the crystal structure can be simplified to hexagonal symmetry and the corresponding ) ( YbYb r g function gives a good agreement with the RMC result, as well (Fig. 6a) . A remarkable feature is the greater number of Yb neighbours at ~0.83 nm if compared with that at ~0.61 nm (crystal and glass; cf. Table 3 ). It is assumed that, due to the needs of the accommodation of the (PO 3 ) ∞ chains, the number of first Yb neighbours at the contact distance is limited where the greatest peak exists in case of random packing. In Chapter 3 it is mentioned that the majority of Yb [17] shows a La−La peak at 0.42 nm due to shared O T sites which distance is little shorter than from RMC. The subsequent La−La peak at ~0.72 nm is 'out of phase' with the peaks of the RMC result and a peak at ~0.87 nm is missing. The orthorhombic La(PO 3 ) 3 crystal [17] shows a strange feature: the LaO 8 polyhedron shares an edge with a PO 4 unit. The O T atoms of this edge are shared with neighbouring LaO 8 polyhedra. This is a very special arrangement which could contribute to a glass structure only marginally. (4) The positions of the prominent first distance peak at ~0.63 nm and the first diffraction peak at ~12 nm -1 obey the relation for a random packing of R-centred spheres. However, the second peak of R−R distances at ~0.85 nm is already not described by this simple model. 
Conclusions

